Little is known about racial differences in lipoprotein [a] 3 The kringle 4 domain in apo[a] is present in multiple copies, the number of which varies and is genetically determined, giving rise to
[a] is formed by three different structural domains having high amino acidsequence homology with kringle 4, kringle 5, and the protease domain of plasminogen. 3 The kringle 4 domain in apo [a] is present in multiple copies, the number of which varies and is genetically determined, giving rise to " 6 The genetic size polymorphism of apo [a] as detected by immunoblotting has been reported to explain about 40% of the variability in Lp[a] concentrations in Tyroleans from Austria. 7 Elevated plasma Lp[a] levels have been identified as a strong independent risk factor for premature development of atherosclerosis involving both coronary and cerebral arteries. 4811 Plasma Lp [a] concentrations are largely genetically determined 12 -13 and vary broadly among individuals, 14 - 16 with the apo[a] gene accounting for more than 90% of the variation in Lp[a] concentrations. 17 Most population studies have been performed on Caucasians, in whom the distribution of Lp[a] levels has been shown to be highly positively skewed.
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Arteriosclerosis and Thrombosis Vol 13, No 7 July 1993 Americans from the Houston, Tex, area showed levels of Lp[a] that averaged twice those of Caucasians, 22 and the Bogalusa Heart Study, which examined CaucasianAfrican American differences in children between the ages of 8 and 17 years, demonstrated that Lp[a] levels were markedly higher in African American than in Caucasian children irrespective of sex. 23 This article presents the distribution of Lp[a] protein concentrations by age, race, and gender in the Coronary Artery Risk Development in Young Adults (CARDIA) Study, a multicenter prospective cohort study of coronary risk factors in a biracial sample of adults who were recruited to represent a broad range of socioeconomic backgrounds. 24 Lp 
Methods

Study Population
CARDIA is a multicenter, longitudinal epidemiological study of the evolution of cardiovascular disease risk factors in young adults aged 18 to 30 years at the initial examination. Details of recruitment and study design have been published elsewhere. 24 - 25 Four clinical centers located in Birmingham, Ala, Chicago, 111, Minneapolis, Minn, and Oakland, Calif recruited a total of 5115 participants for an initial examination conducted between April 1985 and June 1986. The sample was approximately balanced within each center for age (18 to 24 years, 25 to 30 years), gender, race (African American, Caucasian), and level of education (high school or less, beyond high school). Data were collected on standard cardiovascular risk factors as well as on diet, physical activity, pulmonary function, and psychosocial factors. Two follow-up examinations have been conducted. This report is limited to data collected during the third examination (1990 to 1991) on 4165 subjects. Informed consent was obtained from all participants. Examinations were performed in the morning after a 12-hour fast. Venous blood was drawn from seated subjects into a Vacutainer containing EDTA using minimal stasis; the cells were separated from the plasma, and the plasma was stored at -70°C until shipment on dry ice to the Northwest Lipid Research Laboratories in Seattle. Of the 4352 CARDIA participants eligible for this study, adequate plasma was available for Lp[a] determination on 4165 participants. Serum samples from 53 of the study participants were sent and analyzed as blind duplicates. Apo[a] polymorphs were determined on 690 participants randomly selected by performing immunoblotting analysis on every sixth sample that was analyzed for Lp [a] concentration.
Enzyme-Linked Immunosorbent Assay Method
Lp 
Apo[a] Phenotype Method
PAGE and immunoblotting were performed as described 13 with the following modifications to achieve maximum sensitivity. All samples were first analyzed for Lp [a] protein concentration by ELISA. The sample load applied to the gel was then adjusted such that 100 ng Lp[a] protein was added to each gel. After electrophoresis and transfer to the nitrocellulose membrane, the membrane was incubated for 2 hours with monoclonal antibody a-1 at a 1:1000 dilution. This monoclonal antibody is directed to an epitope expressed in the apo[a] kringle 4 domain with no cross-reactivity with plasminogen. The membrane was then washed extensively and incubated with a second antibody, goat anti-mouse IgG conjugated to alkaline phosphatase (Kirkegaard & Perry Laboratories, Inc, Gaithersburg, Md), at a 1:1500 dilution for 2 hours. After extensive washing, the apo[a] banding was visualized by histochemical staining for alkaline phosphatase. The limit of sensitivity of the assay was approximately 35 ng Lp[a] protein.
Statistical Methods
Statistical analyses were performed using COMPLETE STATISTICAL SYSTEM software (ess, Statistica, Tulsa, Okla). For comparison of groups for differences in Lp[a] levels, the Kolmogorov-Smirnov test was used. Differences in phenotype frequencies were assessed by the x 2 test f°r contingency tables supplemented by z tests for proportions to test racial differences in specific isoforms. When only a small number of cells were available, they were pooled before computing ^2 to achieve a minimum frequency of 8. comparison of African Americans and Sudanese. The contribution of apo [a] types to the variance of Lp[a] levels (r 2 ) was calculated by analysis of variance as described by Boerwinkle et al. 7 A confidence interval for this contribution was computed after first transforming r 2 to an F statistic.
Results
Lp[a] Concentrations in African Americans and Caucasians
Percentiles of Lp[a] protein were significantly different between Caucasians and African Americans (/ > <.001), with the largest differences occurring at the lower percentiles ( Table 2 ). The distribution of Lp[a] concentrations in Caucasians was markedly skewed to low levels, confirming previous findings for this ethnic group, with mean and median Lp[a] protein concentrations of 6.9 and 3.7 mg/dL, respectively. In contrast, the distribution among the African Americans was found to be less skewed, with a mean Lp[a] protein concentration of 13.0 mg/dL, which was very similar to the median value of 11.6 mg/dL (Fig 1) .
Apo[a] Phenotypes
To evaluate other aspects of racial differences of Lp[a], apo[a] size polymorphs were determined in a random subset of the study participants (n=690). Using the modified system to achieve maximum sensitivity, apo[a] could be detected in all but 1 of the 690 subjects investigated, and a total of 7 different apo[a] size polymorphs were resolved (Table 3) . Isoforms B, SI, S2, S3, and S4 were present in both African Americans and Caucasians, a very rare isoform F was seen in one Caucasian, and an isoform larger than S4, designated S5, was observed in one Caucasian and three African Americans. The frequency of single-band phenotypes was similar in Caucasians (80%) and African Americans (76%).
The relative frequency of the apofa] phenotypes in the North American Caucasians was generally similar to that observed in Tyroleans 18 (Table 3 ). In contrast, the frequency of the apo[a] phenotypes differed between the Caucasian Americans and African Americans (x 2 29.0, 7 df; P<.Q01). African Americans had a lower frequency of the S2 phenotype than Caucasians (8% vs 18%; P<.Ql), similar to what was observed for black Sudanese individuals (8%). Caucasians had a higher frequency of phenotypes having the S2 isoform (26% vs 15%) and a lower frequency of phenotypes having the 53 isoform (38% vs 54%) than African Americans. The 54 phenotype was the most frequent phenotype in Caucasians, with the S4 phenotype present in 33% and the S3 phenotype in 25% of the participants. In con- trast, the S3 phenotype was found to be more frequent than the S4 phenotype in African Americans (36% for the S3 versus 29% for the S4). This is in contrast to the findings in the Sudanese, in whom the S4 phenotype was much more frequent than the S3 phenotype (44% versus 14%). 18 Also, the S3/S4 double-band phenotype was more frequent in the African American and Sudanese populations than it was in Caucasian Americans or Tyroleans (Table 3 ). The Sudanese were therefore found to have a higher frequency of phenotypes having the large S4 isoform (70%) and a lower frequency for the S3 isoform (34%) than that observed in Caucasians and African Americans (P<.01). Thus, the frequency of the apo[a] phenotypes was also found to differ between African Americans and black Sudanese individuals (x 2 
24.2, 7 df,P<.002).
Relationship Between Lp[a] Levels and Apo[a] Phenotype
The previously described inverse relationship between apo [ described for African blacks from Sudan, 18 Ghana, 20 and the People's Republic of Congo. 21 The nonsignificant sex difference in Caucasians confirms our previous observations.
14 While previously no significant differences in Lp[a] were observed between men and women within the German, Ghanaian, or San (Bushmen from Botswana) groups, 20 we found that African American women had slightly higher levels of Lp[a] protein than African American men (P<.05).
Using SDS-PAGE followed by immunoblotting as described by Utermann et al 13 with some modifications, we were able to resolve seven apo[a] isoforms on the basis of their electrophoretic mobility. The key modification of our approach was to normalize the sample load to equivalent amounts of Lp[a] protein based on ELISA measurements of Lp [a] . In earlier reports from Utermann and coworkers, 1315 a significant number of individuals were observed in whom no apo[a] band was detectable, and as a result an operational null allele was postulated to account for this rinding. By standardizing the amount of Lp[a] in the sample for electrophoresis rather than using a constant amount of serum, we were able to detect apo[a] bands in all but one of the samples tested. Given that only one of the 690 subjects examined appeared to lack apo[a], the frequency of individuals homozygous for the putative null allele is clearly low. Despite the increased sensitivity of the standardized immunoblot procedure, the occurrence of double-band phenotypes was low (19.1% in Caucasians and 23.3% in African Americans). Gaubatz et al 5 resolved 11 different apo[a] polymorphs; among 692 individuals, 59.5% contained a single isoform and 39.6% contained two isoforms. Using an improved separation technique, Kamboh and colleagues 6 were able to distinguish as many as 23 apo[a] isoforms by SDS-agarose gel electrophoresis and immunoblotting, and 19 apo[a] alleles have been demonstrated by pulse-field gel electrophoresis of DNA and genomic blotting. 27 In these two studies the frequency of the double-band phenotypes was reported to be 77% and 94%, respectively.
By using a modification of the procedure of Kamboh et al 6 we have recently identified 34 apo[a] isoforms. 28 To assess the extent to which the immunoblot procedure used in the present study failed to resolve distinct isoforms or lacked sensitivity to detect an isoform with a low level of expression, 189 samples having a singleband phenotype were evaluated by the new phenotyping procedure. Two isoforms were identified in 74% of the samples (140 of 189). Approximately 40% of these samples had two closely spaced isoforms, suggesting that the original method lacked adequate resolving power. The remaining samples had wider-spaced isoforms, suggesting that these double-banded phenotypes were not detected because of lack of sensitivity. Therefore, it must be stated that due to the limited resolution power and sensitivity of the method used in the present study, we have only identified one subset of apo [a] alleles. Aware of this limitation, we chose not to calculate the frequency of the apo[a] alleles in our population.
Although it is clear that many of the allelic products were not identified in the present study, the fact that significant differences in phenotype frequency between Caucasians and African Americans were observed provides strong support for the conclusion that apo[a] allele frequencies differ between Caucasians and African Americans. The S4 phenotype was the most common in Caucasians, whereas the S3 phenotype was most frequent in African Americans. In contrast, S4 was reported to be by far the most frequent phenotype in Sudanese blacks. 18 Differences in apo[a] allele frequency between African blacks and African Americans could be due to an admixture of Caucasian genes in the latter, as it has been estimated that the proportion of Caucasian genes in African Americans is approximately 25%. 29 However, the admixture of Caucasian genes in African Americans cannot in any way explain these observations, because any admixture of Caucasian genes in African Americans would be expected to increase the proportion of S4 phenotypes in the African American population, whereas African Americans were found to have a lower proportion of S4 than that found in Sudanese. It is likely that the parental population of Sudan differs from the majority of African Americans, as it has been estimated that 20% of African Americans originated from central Nigeria and that 46% were from countries west of Nigeria. Thus, few African Americans would be expected to be derived from East Africa or Sudan. 30 A recent study, which reported Lp[a] levels in a small sample from a Nigerian population, suggested that Nigerians have higher Lp[a] levels than Asians or Caucasians.
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A Caucasian-African American difference is suggested in frequency distribution of phenotypes, centering on higher S3 and lower S2 phenotypes in African Americans. Though differences between African Americans and American Caucasians are highly statistically significant, the sample populations may not be representative of African Americans and American Cauca- 27 Isoforms of similar size may differ in their primary structure and may thereby have different effects on Lp[a] levels.
We estimated that the apo[a] polymorphism accounts for 35% of the variability in the Lp[a] concentrations in Caucasians, which is slightly less than the 42% initially reported for Caucasians from Austria 7 and similar to the 35% estimated for an independent sample of Caucasians from the Tyrol region in a subsequent article. 18 We found that 27% of the total variation of Lp[a] levels in African Americans is explained by variation in apo [a] size, whereas in Sudanese 19% of the variability was attributable to apo[a] polymorphisms. 18 It is likely that these percentages are an underestimation of the contribution of apo[a] size to Lp[a] variation because a significant proportion of the apo[a] isoforms were not detected in the present study. A challenge for the future is to determine those genetic and environmental factors that determine the differences in Lp[a] levels among populations.
It has yet to be clearly established at which level Lp[a] becomes a significant risk factor for coronary heart disease. Dahlen 23 The relative atherogenicity of Lp [a] in different races and ethnic groups and the structural and metabolic bases for these potential differences in atherogenicity are important questions that need to be addressed in future studies.
